Results

we identified a Smad binding region (SBR) that contains four Smad binding elements (SBE, 5Ј-AGAC-3Ј [Zawel et al., 1998]) (Figure 1A
). On TGF-␤ addition, Smad3 and as determined using SBE mutant versions ( Figures 1C  and 1D ).
Smad4 form a complex with E2F4/5 and p107 to repress c-myc (Chen et al., 2002). The ensuing drop in c-Myc
Although c-Myc inhibited the TGF-␤ response of the p21Cip1 promoter, it had no effect on the response of levels relieves p21Cip1 from inhibition, enabling its transactivation by a hypothetical TGF-␤-dependent Smad the isolated SBR ( Figure 1E ) and did not diminish Smad binding to the SBR ( Figure 1F ). Collectively, these results complex . We searched for such a complex.
argue that besides relieving Myc-mediated repression from the proximal p21Cip1 promoter, TGF-␤ induces Using chromatin immunoprecipitation (ChIP) assays, we verified that TGF-␤ action removes c-Myc from the the formation of a Smad complex that transactivates p21Cip1 from the SBR (summarized in Figure 1A ). p21Cip1 proximal promoter ( Figure 1B) . Simultaneously, TGF-␤ stimulated the binding of Smad2/3 and Smad4 to a more distal portion of this promoter ( Figure 1B We sought evidence that FoxO proteins participate in bound to a p21Cip1 SBR probe in vitro (see Supplemental Figure S1B at http://www.cell.com/cgi/content/full/ p21Cip1 activation. Indeed, mutation of the p21Cip1 FHBE abrogated the TGF-␤ response of this promoter 117/2/211/DC1). In vitro assays were also used to verify that the SBE elements are involved in Smad binding. (Figure 1D ), whereas overexpression of FoxO1, FoxO3, or FoxO4 enhanced this response ( Figure 2B) . A FoxO TGF-␤-dependent binding of Smad to this probe was eliminated by mutations of the first and second SBEs mutant lacking ␣ helix 3 (FoxO4⌬H3), which is the DNA binding element of FoxO proteins, or a construct (Fox-(probe mSBE1,2) or deletion of the third and fourth SBEs (probe ⌬SBE3,4) but not by FHBE mutations ( Figure 2E ). O4H125R) with a point mutation in ␣ helix 3 that disrupts DNA binding (Clark et al., 1993) was inactive in this assay Smad binding was inhibited by excess unlabeled wildtype probe or FHBE mutant probe but not SBE mutant ( Figure 2B ). FoxO-mediated induction of the p21Cip1 SBR in TGF-␤-treated cells was dependent on the FHBE probe (see Supplemental Figure S1C ). This set of results mental Figures S2B and S2C ). These interactions were direct, as determined using purified GST fusion proteins activation suggested that these proteins may form a TGF-␤-regulated complex. Indeed, coimmunoprecipita-(see Supplemental Figure S2D ). In sum, FoxO proteins directly contact Smads 3 and 4, and this involves the tion experiments in HaCaT cells showed that endogenous FoxO1, FoxO3, and FoxO4 bind to endogenous domains of FoxO and Smad that contain the DNA binding site ( Figure 3D ). Smad2/3 and Smad4 ( Figures 3A and 3B) . Formation of these complexes was absolutely dependent on TGF-␤ stimulation, as was the formation of a Smad2/3-Smad4
FoxO Requirement for p21Cip1 Induction We used two different approaches to test the requirecomplex (Lagna et al., 1996) used here as an internal control ( Figure 3A (data not shown) . Thus, the developing telencephalon is exposed to Smad-activating TGF-␤ sigshown). Evidence that FoxG1 can directly target FoxO proteins nals. To determine if such signals can increase p21Cip1 levels when FoxG1 is absent, neuroepithelial progenitor was provided by the ability to coimmunoprecipitate these proteins from transfected cells ( Figure 5E ) or encells were isolated from the telencephalon of E10.5 mice and treated with TGF-␤ ( Figure 5B ). At E10.5, there is dogenously (see Figure 6C ). These interactions were independent of TGF-␤ addition. Using FoxO3 and FoxG1 no major difference yet in brain development between the wild-type and foxg1 null mice (Xuan et al., 1995) . deletion constructs, the interacting domains were mapped to the N-terminal half of FoxO3 and the C-terminal region TGF-␤ induced the expression of p21Cip1 and inhibited cell proliferation in foxg1 null neuroepithelial cells but of FoxG1 ( Figure 5F and see Supplemental Figure S3 at http://www.cell.com/cgi/content/full/117/2/211/DC1). not in their wild-type or heterozygote counterparts (Figure 5B) . Thus, loss of FoxG1 enables the induction of FoxG1 did not compete with Smad3 or Smad4 for binding to FoxO3 ( Figure 5G ) but rather formed a complex p21Cip1 and growth inhibition by TGF-␤.
To determine how FoxG1 interferes with p21Cip1 by with these three proteins, as determined by sequential coimmunoprecipitation (see Supplemental Figure S3E ). TGF-␤, we overexpressed FoxG1 in HaCaT keratinocytes and DU145 prostate carcinoma cells. FoxG1 overThese results suggest that FoxG1 is a direct inhibitor of Research. The coding strand of the siRNA was UCUGUCCCUCAA CAAGUGCdTdT. U87MG cells were transfected with siRNA dumouse as previously described (Dou et al., 2000) . Embryos from foxg1 ϩ/Ϫ ϫ foxg1 ϩ/Ϫ heterozygote matings were dissected in iceplexes using Oligofectamine (Invitrogen) and used 48 hr after transfection. FoxO3 was targeted with pSUPERFoxO3 kindly provided cold Hank's balanced salt solution. The epidermis of the head was removed, and the neuroepithelium of the telencephalon was disby A. Brunet (Harvard Medical School). pSUPERFoxO3 or pSUPERscrambled that contains an unrelated sequence was transfected sected. The isolated neuroepithelium was dissociated into a cell suspension by repeated pipetting in DMEM supplemented with 10% into U87MG cells using Lipofectamine2000. Forty hours after transfection, cells were lysed and processed for Northern blotting. fetal bovine serum. Cells were plated on poly-L-lysine and laminin-
